The degenerate four wave mixing (DFWM) spectrum of the A(1A2)--X(1AI) and B(B) X(1A1) transitions of SO2 in the 299.5-305 nm region is presented. It has been found that the DFWM signal intensities are proportional to the cube of laser intensity and the square of SO2 pressure. The DFWM signal increases dramatically with the pressure of N2 as a buffer gas. The enhancement of the DFWM signal can be mainly attributed to the thermal grating contribution.
INTRODUCTION
There has been increasing interest in degenerate four wave mixing (DFWM) as sensitive spectroscopic probes of molecules [1] . Degenerate four wave mixing involves the interaction of three input beams of identical frequency with a nonlinear medium to produce a fourth signal beam of the same frequency u;. The generated coherent signal beam, propagating in a unique and well defined direction, is spectrally [2] and Ishii et al. [3] demonstrated that dramatic increase of the DFWM intensity could be achieved with the addition of buffer gas. Recently several groups [2, 4] have studied the collision effects on the DFWM signals and provided convincing results which showed that various mechanisms can contribute to the formation of laser-induced gratings.
In this paper, we choose SO2 as the subject to study its DFWM because its spectroscopy has been extensively studied and SO2 is a major air pollutant contributing to the formation of smog and acid rain. We observed the DFWM spectrum of SO2 in the 299.5-305 nm range for the first time, which is characterized by broad vibronic bands from a complex interaction between the A(1A2)+ X(1A1) and B(1B1)---X(1A1) transitions. The intensities of DFWM signals were measured as a function of SO2 pressure, the laser intensity and nitrogen buffer gas pressure. A simple model proposed by Dahney [4] was employed to fit the experimental results, and the reason for the DFWM signal intensity enhancement is discussed.
EXPERIMENTAL
A schematic diagram of the experimental set-up is shown in Figure 1 "" -U-6.
Log(Laser Intensity) FIGURE 3 Log-Log plot of the DFWM signal intensity versus the laser intensity.
transition of NO2 which also obeyed an 13 laser power dependence [2] . The DFWM signal intensity dependence on the pressure of pure SO2 is shown in Figure 4 . It can be seen that a linear relationship in a log-log plot gives a slope of 1.95 which is in good agreement with the expected value of 2 from Eq. (1). In order to examine the enhancement of the DFWM signal intensity of SO2 with added N2 as buffer gas, the signal intensities are measured by varying the N2 pressure for a fixed SOa pressure of 1.0 Torr.
The result shows a 25 fold increase in the signal intensity at a total pressure of 760 Torr. This enhancement of DFWM signal intensity can be explained in term of the formation of collisionally induced thermal grating when the added buffer gas pressure is much higher than the pressure of SO. It has been suggested that collisions between the excited molecules and the surrounding buffer gas transfer their internal energy into translational motion of the buffer gas, thus producing a spatial modulation of gas temperature and leading to the formation of thermal gratings [7] . An approximate expression for the thermal grating signal has been derived by Danehy et al. [4] . When 
where is the excitation wavelength, Cp is the specific heat of the buffer gas, e is an empirical parameter that accounts for the fraction of absorbed energy converted to heat, Anbuir is density-induced variations in the buffer-gas refractive index, Ap is gas density variation, and the other parameters are the same as in Eq. (1).
Since the DFWM signal mainly originates from the population grating and thermal gratings, total signal intensity obtained in the added buffer gas can be given by IDFWM IPG --
Using Eqs. (1), (2) and (3), the DFWM signal intensity can be simulated as a function of the pressure of N2 buffer gas. In Eqs. (1) and (2), /sat is buffer gas pressure dependent, give by FO'Vl2crff [4] [4] . The addition of N2 buffer gas can enhance the DFWM signal significantly and it can be attributed to the contribution of the collisionally induced thermal gratings at high buffer gas pressure.
